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plateau) were collected, consisting in 1-mm-thick slices. Slices were cut
tangentially to the articular surface, within the superﬁcial and deep layers
of the articular cartilage, respectively. Biochemical composition was as-
sessed using Fourier-transform infra-red (FTIR), and morphological aspects
were determined using scanning electron microscopy (SEM). All results are
expressed as mean (SD).
Results: Age and body mass index at the time of intervention were 74.4
(8.3) years, and 28.8 (6.2) kg/m2, respectively. Preoperative X-rays found
uni-, bi- or tricompartmental knee OA in 2, 8 and 4 cases, respectively.
In all cases, the compartment mainly affected was medial femoro-tibial,
and Kellgren and Lawrence score was 3.8 (0.4). Joint calciﬁcations were
detected in only 2 cases on preoperative X-rays, but in 11 cases under
macroscopic examination. FTIR analysis showed CC in all 14 specimens.
CCs were absent from the control sample. The overall mineral content
represented 9.1 (12.6)%. CCs were identiﬁed as BCPs only in 6 patients, and
as both BCPs and CCPs in 8. Remarkably, CCs were widespread in all knee
joint compartments and involved at least 3 areas out of 8 in all specimens.
In addition, CCs distribution was similar between superﬁcial and deep
layers, and between medial and femoral compartments (11.1 [14.7]% vs
7.3 [10.2]%, and 8.1 [11.2]% vs 9.5 [13.1]%, p=NS, respectively). Finally,
SEM identiﬁed 2 different morphological aspects: 1/spherical structures,
typical of biological apatite, resulting from an agglomeration of nm-scale
cristallites surrounded by proteins, and localized in structures suggestive of
chondrons, in the BCPs-containing samples; 2/ acicular or cubic structures
of different sizes, in the CPPs-containing samples.
Conclusions: CCs are constantly found in human OA articular cartilage
at the time of knee joint replacement. Cartilage calciﬁcations occur in all
knee joint compartments, even in less weight-bearing ones, suggesting that
cartilage mineralization process may reﬂect a generalized disease of the
articular chondrocyte. In addition, their morphological aspects are speciﬁc
to the crystal type.
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INTRACELLULAR CALCIUM OSCILLATIONS IN ARTICULAR CHONDROCYTES
INDUCED BY BASIC CALCIUM PHOSPHATE CRYSTALS LEAD TO CARTILAGE
DEGRADATION
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Purpose: Basic calcium phosphate crystals (BCP), including octacalcium
phosphate (OCP), carbapatite (CA) and hydroxyapatite (HA), are associated
with destructive forms of osteoarthritis. However, mechanisms of BCP-
induced cartilage breakdown are poorly understood. We aimed to assess
whether BCP induced intracellular calcium (iCa2+) variations and the role
of iCa2+ in BCP-induced glycosaminoglycan (GAG) release.
Method: Bovine articular chondrocytes (BAC) and cartilage explants (BCE)
were stimulated by pyrogen-free OCP, CA, HA, or monosodium urate (MSU)
crystals. iCa2+ levels in BAC were determined with the photoactive dye
Fura-2, and iCa2+ oscillations by confocal microscopy. GAG release was
measured in the supernatants of BCE cultures by DMMB assay. Mechanisms
of BCP-induced iCa2+ oscillations were assessed using a pharmacological
approach.
Results: All BCP, as opposed to MSU crystals, induced iCa2+ raise compared
to baseline level (OCP: 2.4±0.9-fold control value, p<0.0001; CA: 2.4±1.8,
p=0.003; HA: 1.4±0.4, p=0.005; and MSU: 1.5±0.6, p=0.160). OCP also
induced iCa2+ oscillations within minutes (min). Ratio of BAC displaying
iCa2+ oscillations increased with time to reach a maximum after 20 min of
OCP stimulation (49.0±24.3%, p<0.005), whereas no iCa2+ oscillations were
observed in control BAC stimulated only by microscopy laser beam or ﬂuid
ﬂow. OCP-induced iCa2+ increase and iCa2+ oscillations involved extracellu-
lar Ca2+ (eCa2+) inﬂux and iCa2+ storage and exﬂux. Indeed, OCP-induced
iCa2+ oscillations were abolished when experiments were performed in
Ca2+-free medium suggesting the role of eCa2+ inﬂux. eCa2+ inﬂux involved
both voltage- and non-voltage-dependent Ca2+ channels, since iCa2+ levels
decreased when BAC were pre-treated with either nickel (Ni) 5mM or ve-
rapamil 1 μM ((OCP+Ni)/OCP = 0.5±0.2, p=0.01; and (OCP+verapamil)/OCP
= 0.6±0.2, p=0.01). Similarly, ratio of BAC displaying iCa2+ oscillations
decreased rapidly when Ni was added, and was abolished by thapsigargin,
an inhibitor of iCa2+ storage in endoplasmic reticulum. Finally, BAPTA 1
μM, an iCa2+ chelator, signiﬁcantly decreased BCE GAG release induced by
OCPs (1.1±0.4-fold the control value vs. 1.7±0.1, p=0.01, with or without
BAPTA, respectively).
Conclusions: These results suggest that iCa2+ signaling is a major pathway
involved in BCP effects on articular chondrocytes. They highlight a new
pathophysiological mechanism and give rise to a new therapeutic target in
diseases related to BCP deposition.
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IDENTIFICATION OF GENES REGULATED BY IL-1 USING INTEGRATIVE
microRNA ANDmRNA GENOMIC ANALYSIS IN HUMAN ARTICULAR
CHONDROCYTES
H. Jung, H. Kim
Hallym Univ. Sacred Heart Hosp., Anyang, Korea, Republic of
Purpose: MicroRNA (miRNA)s are short endogenous oligonucleotides with
a profound role in the regulation of post-transcriptional gene expression.
miRNAs regulate their targets both by translational inhibition and acceler-
ation of mRNA degradation. In this study, we attempted to identify differ-
entially expressed miRNAs in human OA chondrocytes in response to IL-1.
In addition, simultaneous proﬁling of miRNA and mRNA expression was
performed to get an integrated analysis of miRNA and mRNA expression.
Methods: Articular cartilages were obtained from knee osteoarthritis pa-
tients and were cultured in monolayers. Chondrocytes were stimulated
with interleukin (IL)-1 for 4 hours and RNA was isolated. One μg of total
RNA was polyadenylated and converted to cDNA and miRNA microarray
was performed. Seven hundred thirty ﬁve oligos were used, correspond-
ing to 470 well-annotated human miRNA sequences and 265 potential
miRNAs that were identiﬁed recently. mRNA microarray was performed
simultaneously using the RNA samples that were used for miRNA array.
Both sequence and expression information was used to identify regulatory
relationship between miRNA and mRNA pairs.
Results: Expression proﬁling of 446 human miRNA extracted from IL-1
treated chondrocytes (n=6) identiﬁed 26 miRNA which showed signiﬁ-
cantly differential expression between control and treated cells. We also
identiﬁed 7190 mRNAs differentially regulated by IL-1 treatment. Among
the 26 miRNAs differentially regulated, 14 miRNAs had target searched by
MiRANDA scheme. By combining target search and miRNA-mRNA pairing,
we could identify 1224 miRNA-mRNA target pairs. The miRNA array data
were corroborated by real time PCR analysis and in situ hybridization using
samples from different donors.
Conclusions: MiRNAs regulated by IL-1 were identiﬁed in human articular
chondrocytes with mRNAs they regulate. It is suggested that miRNA plays
a role in the regulation of cartilage degradation in osteoarthritis.
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Purpose: The modiﬁcation of serine/threonine residues on cytoplasmic
and nuclear proteins by O-linked N-acetylglucosamine (O-GlcNAc) is a
post-traslational modiﬁcation that has been implicated in the regulation
of a variety of signal transduction pathways. Despite the important role
that has been described for this system in degenerative and age-related
diseases, such as Alzheimer’s and diabetes, the role of O-GlcNAcylation in
osteoarthritis (OA) has not been considered previously.
The goal of this study was to determine the level of proteins modiﬁed
by O-GlcNac in OA cartilage and chondrocytes and to analyze if there
were alterations in the presence of enzymes critical in regulating O-GlcNAc
levels, namely, O-GlcNAc transferase (OGT) and O-GlcNAcase.
Methods: Human cartilage was extracted from patients with knee OA
during the joint replacement surgery (n=8), while healthy cartilage was
obtained from the knee of age and sex-matched donors (n=5). We also
employed an experimental model of OA in rabbits, induced by anterior
cruciate ligament transection and partial medial menisectomy. OA was
induced in 15 New Zeland rabbits, that were sacriﬁzed 3, 8 or 12 weeks
after surgery. 15 additional rabbits were employed as healthy controls. At
sacriﬁce, the hyaline cartilage from the medial tibia was extracted and
and immediately frozen. At the same time, all the femurs were ﬁxed,
decalciﬁed and embedded in paraﬃn. Cartilage levels of O-GlcNAcylation,
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OGT and O-GlcNAcase expression were assessed by western blot analysis
employing speciﬁc antibodies. Furthermore OGT expression was localized
in the cartilage by immunohistochemistry.
Results: In human OA cartilage, the level of O-GlcNAcylated proteins was
signiﬁcantly increased in comparison to that of healthy cartilage. We also
observed an increased expression of the different isoforms of OGT in OA
cartilage and OA chondrocytes when compared to healthy controls. The
level of O-GlcNAcylated proteins was also increased in OA rabbit cartilage
at all the weeks studied. We also observed an increased expression of the
different isoforms of OGT in the OA cartilage in comparison to control ani-
mals. The peak of expression of these proteins was observed 12 weeks after
surgery. Furthermore, in OA cartilage we observed a decreased expression
of O-GlcNAcase at all the times studied. By immunohistochemical studies,
OGT was mainly localized inside the chondrocytes in all the samples
analyzed, including both superﬁcial and deeper zone chondrocytes.
Conclusions: These results demonstrate that OA could be associated with
a dysregulation in the hexosamine biosynthesis pathway that could lead
to an accumulation of O-GlcNAcylated proteins. Our data support the
hypothesis that O-GlcNAc formation may play an important role in the
development of chronic and age-related diseases.
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INHIBITING CALCINEURIN ACTIVITY UNDER PHYSIOLOGICAL TONICITY:
A WIN-WIN SITUATION FOR CELL-BASED CHONDRAL LESION REPAIR
A.E. van der Windt, E. Haak, J.A. Verhaar, H. Weinans, H. Jahr
Erasmus MC, Univ. Med. Ctr., Rotterdam, Netherlands
Purpose: Osteoarthritis (OA) is characterized by an imbalance between
matrix synthesis and degradation: increased synthesis of catabolic enzymes
(e.g. MMPs and ADAMTSs) by hyaline chondrocytes causes collagen (i.e.
mainly collagen type II, COL2) and proteoglycan (i.e. aggrecan, AGC1)
depletion in the extracellular matrix (ECM). Both molecules are major
structural components of cartilage’s ECM: COL2 networks provide biome-
chanical strength, while sulfated proteoglycans ensure the characteristic
high ﬁxed negative charge density (FCD) of this tissue. The latter binds
mobile cations (e.g. Na+) and builds the tissue’s hydrostatic pressure by
attracting water, which is conﬁned by an intact collagen network limiting
tissue swelling. The FCD determines the physiological extracellular tonicity
of healthy hyaline articular chondrocytes in vivo to between 350 and 480
mOsm, while OA is associated with a severity-depending drop in tonicity
to between 280 and 350 mOsm.
We showed that calcineurin inhibitor FK506 modestly improves chondro-
genic marker expression in these cells. We recently further showed that
culturing osteoarthritic chondrocytes (OA-HACs) under elevated tonicity
(380 mOsm) is beneﬁcial too.
The aim of this study was to investigate whether a combined treatment
with elevated tonicity and FK506 exerts synergistic effects on anabolic
(COL2, AGC1, TIMPs) and catabolic (MMPs, ADAMTSs) marker expression
by human articular chondrocytes.
Methods: Human articular cartilage was explanted from macroscopically
normal areas of the femoral condyles and tibial plateau of 4 patients under-
going total knee replacement surgery for OA. Human articular chondrocytes
(HACs) were isolated under standard culture conditions (280 mOsm) and
elevated medium tonicity (380 mOm). Primary HACs were culture ex-
panded in monolayer (7,500 cells/cm2) at both isolation tonicities (280
or 380 mOsm). Passage 1 (P1) and P2 cells were seeded in high-density
monolayers (20,000 cells/cm2) and FK506 (0, 50 or 500 ng/ml) was added
for 24 hours prior to six days of in vitro culture, followed by mRNA (QPCR)
and protein (Western Blotting) analysis.
Results: Isolation and subsequent passaging (P1 and P2) of OA-HACs under
physiological tonicity (380 mOsm) signiﬁcantly increased mRNA levels of
important anabolic markers such as AGC1, SOX9 and COL2 compared to
standard culture. Under this condition, addition of FK506 dose-dependently
increased this expression even further: SOX9 was induced 6-times, COL2
increased to 50-fold in P1 chondrocytes, COL2 protein 14-fold and AGC1 up
to 2.6-times. In contrast, unwanted COL1 mRNA expression was suppressed
to 50% under these conditions. In addition, expression of anti-catabolic
genes such as TIMP-1 and -2 signiﬁcantly increased 4-times by 380 mOsm
and FK506.
Interestingly, physiological tonicity slightly increased mRNA levels of hy-
pertrophy markers COL10, alkaline phosphatase and MMP-13. However, in
combination with FK506 all these markers were suppressed to or below
control levels (280 mOsm).
Conclusions: Physiological tonicity provides a simple, yet effective, means
to improve marker expression during cytokine-free isolation and in vitro
expansion of human articular chondrocytes. Compared to FK506 alone,
elevated tonicity signiﬁcantly improved chondrogenic marker expression.
Combining FK506 and elevated tonicity signiﬁcantly improved chon-
drogenic marker expression even further, while suppressing the few
tonicity-induced catabolic and hypertrophic marker genes.
Our ﬁndings will lead to the development of improved cell-based re-
pair strategies for chondral lesions and may provide novel insights into
mechanisms underlying osteoarthritic progression.
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EXPRESSION OF P53R2 IN CHONDROCYTES IS REGULATED BY SHEAR
STRESS
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M. Kurosaka
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Purpose: Chondrocyte apoptosis plays an important role in cartilage
degeneration in osteoarthritis (OA), and mechanical injury to cartilage
induce chondrocyte apoptosis. In response to DNA damage, p53 expression
is up-regulated and regulates the p53-regulated apoptosis-inducing pro-
tein 1 (p53AIP1). We previously showed that mechanical stress induced
chondrocyte apoptosis via p53 and p53AIP1 pathway.
While, p53R2 expression is regulated in response to DNA damage. How-
ever, p53R2 repairs damaged DNA, and it protects from catabolism of
chondrocytes. In this study, we evaluated the p53R2 expression of OA and
normal chondrocytes in response to shear stress.
Methods: OA cartilage samples were obtained from total knee replacement
surgery, and normal cartilage samples were from femoral neck fracture.
Chondrocytes were isolated from cartilage. Two, ﬁve and ten% shear stress
was introduced to chondrocytes for 12hours by using Flexer cell system.
Expression of p53R2 in chondrocytes was detected by western blotting.
Results: The expression of p53R2 in OA chondrocytes was increased by 2
and 5% shear stress but decreased by 10% shear stress in comparison with
control (non stress).
Conclusions: We previously demonstrated that phosphorylation of p53 was
elevated in OA chondrocytes in comparison with normal chondrocytes. In
vivo, p53R2 is produced by binding p53 and R2 when p53 is activated. We
demonstrated here that p53R2 expression was increased in OA chondro-
cytes when mild shear stress was introduced. However, p53R2 expression
was decreased when excessive shear stress was introduced. Therefore,
excessive shear stress may spend all the p53R2 in OA chondrocytes and
allow the induction of apoptosis. We are doing further investigation to
analyze p53R2 expression and function in chondrocytes.
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IL-6, A HIF-2α TARGET GENE, REGULATES OSTEOARTHRITIC CARTILAGE
DESTRUCTION BY MODULATINGMATRIX METALLOPROTEINASES (MMP)3
AND 13
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Purpose: Recently we have identiﬁed that hypoxia-inducuble factor (HIF)-
2α is a novel transcription factor of catabolic genes involved in cartilage
destruction. In an attempt to understand further regulatory mechanisms
of HIF-2α in cartilage, direct target gene of HIF-2a was selected and its
function in cartilage was elucidated.
Methods: For ﬁnding novel target genes of Hif-2α, cDNA microarray assay
was performed. As a result of microarray, interleukin (IL)-6 is selected as
a novel target gene which is dramatically up-regulated cytokine by HIF-2α
in articular chondrocytes. To further elucidate the role of IL-6 in cartilage,
the expression of IL-6 in several arthritic cartilages from both human and
mice was determined by RT-PCR and immunohistochemistry. Recombinant
IL-6 protein was injected into knee joint for gain-of-function study, and
neutralizing anti-IL-6 antibody was used for loss-of-function study in vivo.
Results: HIF-2α directly regulates IL-6 expression by binding to its promoter
region. We determined that HIF-2α mediated IL-1β-induced IL-6 expression
and recombinant IL-6 treatment in articular chondrocytes caused MMP3
and MMP13 production, which induced cartilage destruction. Moreover,
we observed that IL-6 is up-regulated in arthritic cartilage from both
